Background: It is yet a controversy subject whether low birth weight and infant death are associated to human immunodeficiency virus-1 infection. Objective: To appreciate association between low birth weights, mother to child HIV transmission and infant mortality in HIV-1 infected pregnant women delivering between 2011 and 2016. Materials: We conducted 6 years cohort study in urban Mali. Outcome included preterm delivery, small for gestational age, infant survival status and HIV transmission. Comparison concerned women clinical WHO stage, mother viro-immunological status, and newborn anthropometric parameters. Results: HIV-1 infected women who delivered low birth weight newborn were 20.9% (111/531) versus 16.5% (1910/11.546) in HIV negative patients (p = 0.016). CD4 T cell counts low than 350 T cells count were strongly associated to LBW (p = 0.000; RR = 3.03; 95% CI [1.89 -3.16]). There is no significant association between ART that was initiated during pregnancy (p = 0.061, RR = 0.02; CI 95% (1.02 -1.99)) or during delivery (p = 0.571; RR = 1.01; CI 95% (0.10 -3.02)) and LBW delivery. In multivariate analysis ART regimens containing protease inhibitor (PI) were lone regimens associated with LBW ((p = 0.030; RR = 1.001; 95% confidence interval [1.28 -3.80]). Very low birth weight was statistically associated to 
Introduction
The main risk in human immunodeficiency virus positive pregnant women widely studied is the transmission of the virus to newborn [1] . The potential adverse effects of HIV-1 infection during pregnancy on weight at birth and infant mortality are few studies, mostly from African English speaking countries. Another possible risk is the influence of this infection on neonate anthropometric characteristics [2] [3] . But this is a controversy subject in scientific domain. Indeed for some authors [4] [5] [6] [7] , children born to HIV infected mothers have higher risk of LBW. A study that took place in Cote d'Ivoire confirmed that this LBW is associated to antiretroviral treatment (ART) [8] while for Minkoff [9] , there is no relationship between HIV and LBW.
Independently of infant HIV infection, LBW constitutes one of the strongest causes of newborn mortality [2] [10] . In populations with a high prevalence of HIV infection, maternal HIV, status and LBW are likely to be important determinants of child survival [11] . Is women HIV infection an additional risk factor of infant death? Most of studies examined association between LBW in HIV infected patients without discrimination of types of the virus. Also, few surveys about LBW among HIV-1 infected women examined the association between LBW and mother to child HIV transmission (MTCT) and risk factors of newborn outcome.
A better understanding of risk factors of LBW born to HIV-1 infected mother and the relationship between mother to child HIV transmission (MTCT) and LBW would help in developing countries to undertake interventions to reduce Open Journal of Obstetrics and Gynecology LBW and its consequences in HIV positive women and so to reduce HIV transmission to child born to HIV infected mother in that situation. The particularities of this study are: firstly, that study took place in a West African French speaking country where this area has not been thoroughly studied; secondly, it took place in a low HIV prevalence country and thirdly this study is about LWB and newborn death among HIV-1 infected women. We reported the results of the relationship between HIV-1 maternal infection and anthropometric characteristics of the child at birth. The objectives of our study were to determine risk factors of LBW among HIV-1 infected mother, to evaluate newborn death risk factors and to determine the rate of HIV transmission from mother to child in this LBW delivery context.
Materials and Methods

Study Setting and Population
This study was conducted in Gabriel Touré teaching hospital that is a tertiary care referral center in Bamako, Mali. This hospital is the first site of prevention to child HIV transmission (PMTCT) in Mali and contributes in training and researching in HIV domain. It receives patients from other health centers, as well as providing antenatal care services among HIV infected pregnant women from urban and rural areas surrounding Bamako. This is a cohort study conducted from existing data in a database of pregnant women followed in the department of gynecology and obstetrics in Gabriel Touré Teaching Hospital. It took place from 1 st January 2011 to December 31 st , 2016 (6 years). The study population included all the three groups of patients below and their newborns enrolled during the study period and followed until final pediatric HIV status could be determined (18 months). The different groups of patients have been obtained by randomization. Three groups have been performed and compared: -Group 1 representing by HIV-1 infected women who delivered newborns whose weigh less than 2500 g; -Group 2 concerning HIV-1 infected pregnant women who delivered newborns with weight ≥ 2500 g; -Group 3 representing by HIV negative pregnant women who delivered newborns whose weight is less than 2500 g. Birth weights below 2.500 g were classed as "low", body lengths less than 47 cm at birth were described as "small birth size" and head circumferences < 33 cm were classed as "small". Premature birth is defined by all delivery between 28 and 36 weeks (wk) and 6 days (d) or newborn weight < 2500 g and body length < 47 cm. Very LBW was defined by newborn weight between 520 to 1500 g at birth and hypotrophy was defined by new born weight ≥ 2500 g and body length < 47 cm.
A monthly staff with PMTCT program members (obstetricians, pediatricians, virologists, specialists of HIV management, psycho social team members, pharmacy officers) was organized to appreciate patients clinical informations and to Open Journal of Obstetrics and Gynecology decide their delivery way and the calendar of following of the future babies.
Data were collected from our obstetric files, daily updating by a midwife and an obstetrician performed in data management. The supports used to complete this database are: complete obstetric files, complete neonatal PMTCT unit files, on-call registries of midwives, surgical reports, admissions records for emergency unit and hospital birth registries. The children lost to follow-up were retired from the analysis.
All patients were screened for highly active antiretroviral treatment (HAART) eligibility according world health organization (WHO) stages, absence of medical contraindications to HAART, adherence of treatment, mode of feeding (formula or breast feeding) of future baby. According eligibility criteria, pregnant HIV-1 infected women initiated HAART.
CD4 T cell count and viral load (VL) were measured upon enrolment and around 32 -34 wks of gestation from the first day of last menstruation date.
We didn't include in this study pregnant women with diseases classically responsible to LBW (high blood pressure, anemia, sickle cell disease, twin pregnancy) or macrosomia (diabetes). We didn't include also HIV-2 and HIV1 + 2 infected pregnant women.
Study variables analyzed were: newborns anthropometric characteristics (birth weight, body length and head circumference), maternal viral load, maternal WHO stage, antiretroviral treatment (ART) regimens of the mothers, newborn type of feeding, sex of newborn, MTCT HIV rate, HIV status of newborn, age of newborn at death. The quantification limit of VL was <50 copies/ml.
Study Design and Statistical Analysis
Statistical Package for the Social Sciences (SPSS) 17 was used for data analysis. Comparison of qualitative variables was made by using the chi square test or Fisher exact test, the quantitative variables comparison was done by Student's t test. Logistic regression has been also used to appreciate risk factors of LBW. The survival analyses were conducted in HIV infected groups (1 and 2) and the Kaplan-Meier method was used to estimate association between LBW and HIV infection, HIV risk transmission and newborn or infant death. Results have been expressed in percentage with their relative risk (RR), 95% confidence interval (CI 95 ). p value < 0.05% considered significant.
Results
Of 12.077 births recorded in this study within 531 cases of pregnant women HIV-1 infected (4.4%). Of the 531 HIV-1 positive pregnant women, we randomized 111 women who delivered newborn with LBW (group e1) and 222 HIV-1 positive pregnant who delivered newborn whose weight ≥ 2500 g (group 2). Of the remaining 11.546 patients we randomized 222 HIV negative pregnant women who delivered newborn weight < 2500 g (group 3). The rate of newborns with LBW in the study has been 20.9% (111/531); during the same period the rate of newborn whose birth weight among HIV negative pa-Open Journal of Obstetrics and Gynecology tients was 16.5% (1910/11.546) (p = 0.016).
The analysis of Table 1 that presents data about relation between the CD4 T Cell, Viral load (VL), status of newborn, weight at birth, sex of the newborn, newborn death, HAART regimen and moment of ART initiation (Univariate and multivariate Analysis) in the area showed: CD4 T cell counts low than 350 T cells count was strongly associated to LBW (p = 0.000; RR, 3 Other anthropometric data showed that 67.5% and 60.4% of children in group 1 had respectively body length and head circumference below standard measurement compared to newborns of group 3 (p = 0.000).
There is no significant difference between mother to child HIV transmission rate in the two HIV-1 infected pregnant women (10 infected children in group 2: MTCT rate 4.5%) and 3 infected children in group 1 (MTCT rate: 2.7%) (p = 0.56; RR, 0.59; 95% CI [0. 18 -4.39 
]).
During follow-up, 17 newborn and infant deaths in the group 1 and 13 newborn and infant deaths in group 2 were reported. No statistically significant difference was found according to infant death and infant feeding practice (p = 0.171). In multivariate analysis, LBW was associated with infant death (p = 0.001; RR, 2.04; 95% CI [1.04 -5.05]). The median weight of infant at the moment of death in group 1 was 851 g (IQR: 520 -1833 g). 
Discussion
Our study demonstrated clearly that LBW is higher among HIV-1 infected pregnant women (20.9%) than HIV-negative one (16.5%). It showed also that the main risk factors of LBW among HIV-1 infected mother were low CD4 T cells count, ART regimen before beginning of pregnancy and ART regimen containing PI (Table 1) . Hypotrophy and birth weight less than 1500 g were associated to mother HIV-1 infection.
Few studies in West Africa examined the association between LBW and mother HIV-1 infection. In a cross-sectional study conducted by Sombié [3] in Bobo-Dioulasso from January 1995 to May 1996, LBW was more frequent among children born to HIV-infected mothers than among those born to unin- 
19.49]). Other studies confirm this relationship between LBW and HIV infec-
tion. Indeed for Ratchanee [13] in Thailand, kamenga [14] in Kinshasa and Martin [15] in USA, LBW was strongly associated to maternal HIV infected status.
In a study that evaluated maternal HIV infection and other sexually transmitted diseases and LBW, Kamenga [14] reported a newly double prevalence of LBW (21% versus 11%, odds ratio 2.1; 95% CI [1.3 -3.5]). However some authors believed there is no relationship between LBW and mother HIV infection. It is the case in Minkof [9] study that did not found any influence between child birth weight and HIV infection although the growth retardation is common among newborns from HIV positive women.
In Africa, particularly in Mali, pregnant HIV infected women usually consult later when they had advanced HIV disease, exposing them to opportunistic or repeat infections. These infections led to premature births that were more frequent in our patients in group 1 whose CD4 T cells count rate was three times lower. In Tanzania, Dreyfus [16] found in a multivariate-adjusted linear regression that CD4 cell count < 200 cells/mm 3 was significantly associated with LBW.
However, for Kamenga [14] maternal T4 lymphocyte level is not associated with LBW.
Analysis of Table 1 shows that the proportion of LBW was not different if ART is initiated during pregnancy or during delivery. When treatment is started early, children were smallest at birth [17] . Our results are confirmed by a meta-analysis that found after adjusting for several factors, HAART used pre-conception [19] . But it was higher in women treated with PI and women treated without PI [19] . So, he concluded that delivery of very LBW was associated with the use of PI although this association was not significant [19] . Women receiving PI-containing drugs had a deeper immunological status more than those who had not been treated by PI regimen [17] . Therefore, they CD4 T cells count rate was so lower their health requires a prescription of powerful antiretroviral regimen to make viral load undetectable and to reduce the frequency of opportunistic infections.
Regarding the term of pregnancy and HAART regimen, our results were not consistent with data of the literature which reported preterm and very preterm newborns rates significantly associated with antiretroviral treatment [17] . Our study preterm delivery rate is higher than that reported in France [17] (10.5% including 2 cases of mother treated by PI), USA [15] (19%) and Burkina Faso (2 cases) [3] . Data from Côte d'Ivoire [8] found no significant difference in the rates of premature births (gestational age < 37 wk) between the two groups comparing short and long treatments regimens (7.8% and 7.9%, p = 1.00). However a higher proportion of LBW (<2500 g) was observed in neonates whose mothers had received HAART (26.3%) compared to patients having received a short course of ART (12.4%) for PMTCT regimen (p < 0.0001). These differences persisted after adjusting for maternal body mass index, CD4 T cells count and the WHO clinical stage [8] . In Malawi, prematurity rate was higher in women on highly active antiretroviral therapy (HAART) (14.1%, 476/3384) than in women on mono/dual therapy (10.1%, 107/1061), even after adjusting for ethnicity, maternal age, clinical status and injecting drug use as use as the source of HIV acquisition (p = 0.001; adjusted OR, 1.51, 95% CI [1.19 -1.93] ). Delivery at <35 weeks was even more strongly associated with HAART (p < 0.001; OR, 2.34; 95% CI [1.64 -3.37] ). For Townsend [20] , the effect was the same whether or not HAART included a protease inhibitor. In a study that analyzed adverse birth outcome in HIV infected women in Botswana, Chen [21] reported that patients continuing HAART from before pregnancy had higher odds of preterm delivery (adjusted OR, 1.2; 95% CI [1.1, 1.4]), small newborn for gestational age (adjusted OR, 1.8; 95% CI [1.6, 2.1]). In the same survey, among women initiating antiretroviral therapy in pregnancy, HAART use was associated with higher odds of preterm delivery (adjusted OR, 1.4; 95% CI [1.2, 1.8]), small newborn for gestational age (adjusted OR, 1.5; 95% CI [1.2, 1.9]) [21] . So, he concluded HAART receipt during pregnancy was associated with increased preterm delivery and small gestational age [21] . Open Journal of Obstetrics and Gynecology
In Bobo-Dioulasso, mean birth weight, birth size and head circumference did not significantly differ between the children of HIV-infected and uninfected mothers [3] . Maternal HIV infection appears to be associated with LBW and small birth size [3] .
The rate of HIV transmission from mother to child was twice lower than women who delivered normal weight newborns. However there was no significant difference between mother to child HIV transmission rate in the two HIV-1 infected pregnant women (MTCT rate 4.5%) and LBW group 1 (MTCT rate:
2.7%) (p = 0.56; RR, 0.59; 95% CI [0.18 -4.39]). All infected newborns were breastfed and had not received optimal management [17] , pattern observed among Milogo-Traore [22] and Khuong-Josses studies [17] . Breastfeeding that is not formally indicated in developed countries is often the only logical choice in our limited resources countries to feed these children living generally in a preca- Another risk related to low birth weight in HIV infected mother is newborn and infant death [2] . During the 18 months follow-up, we reported 17 newborn and infant deaths in the group 1 and 13 newborn and infant deaths in group 2. (Table 2) ; but this conclusion could be discussed because of the very low rate of HIV infant infection in our study.
Conclusion
The occurrence of LBW in HIV-1 infected women is relatively more frequent than HIV negative mothers. These newborn low birth weights are mainly related 
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